Understanding the different patterns of anxiety-like behavioral responses is of great interest for pharmacological and genetic research. Here we report the effects of 3.5-hr habituation, buspirone and ethanol on those responses in shoaling zebrafish (Danio rerio). Since in these experiments we used a container with white walls, the effects of black-vs.-white walls were tested in a separate experiment. An important objective was to determine whether factors unrelated to anxiety played a role in modulating the responses. The anxiety-like behavioral responses studied here are social cohesion, distance from bottom and bottom-dwell time, radial distribution (to study thigmotaxis), transparent-wall preference (to study escape responses), locomotion and freezing. The experimental conditions yielded distinctly different response patterns. Thigmotaxis was the most obvious response to white walls and it was significantly reduced after 3.5-hr habituation. It was not affected by any of the drugs. The reduction of social cohesion after 3.5-hr habituation and in the 0.5% ethanol group was probably the most interesting effect seen in this study. A role of anxiety herein was suggested but could not be established with certainty. Other hypotheses were also discussed. The large increase of distance-from-bottom resulting in swimming close to the water surface, which occurred in both buspirone groups and in the 0.5%-ethanol group, is most likely not an anxiolytic response, because of the discrepancy with the in the literature well-established time-course and the absence of any effect of 3.5-hr habituation or black walls on vertical measures. Finally, locomotion and duration freezing could not be specifically taken as indicators for the state of anxiety and the results concerning transparent-wall preference were not sufficient clear. We conclude that the neuronal and ethological mechanisms underlying the effects of habituation, white-aversion, buspirone and ethanol on anxiety-like behavioral responses are complex and need further exploration.
Introduction
Buspirone, a partial antagonist of the serotonin 5-HT 1A receptor, is mainly indicated for generalized anxiety disorder and clinical depression (Loane and Politis, 2012) . Ethanol on the other hand is a recreational drug with a different anxiolytic profile: in humans and other animals it can reduce social anxiety (Sripada et al., 2011) and interact with stress (Becker et al., 2011) . These two distinct substances are often tested in zebrafish (e.g. Bencan et al., 2009; Gebauer et al., 2011; Kurta and Palestis, 2010) . The rationale for this interest is to develop zebrafish as a simple but powerful model for testing drugs, especially in connection with drug discovery studies (Rihel et al., 2010) .
In the present study we investigate a range of anxiety-like behavioral responses to buspirone and ethanol in shoals of zebrafish. Since buspirone and especially ethanol also affect cognition, spatial memory, mood etc. (e.g. Chin et al., 2011; McNaughton and Morris, 1992; Ratajczak et al., 2012; Scholey et al., 2012) , it is important to establish the nature of their behavioral responses.
Zebrafish is now widely recognized as a vertebrate model for research into a variety of systemic and neurobehavioral diseases, such as cardiovascular diseases, retinal degeneration, autism, schizophrenia, and drug addiction (Brennan, 2011; Dahme et al., 2009; Fernandes and Gerlai, 2009; Mathur and Guo, 2010; Kabashi et al., 2011; Li and Maaswinkel, 2007; Stewart et al., 2011) . It also plays a growing role in pharmacological and toxicological research (Darland and Dowling, 2001; Kokel and Peterson, 2008; McCollum et al., 2011) . In the last two decades, basic behavioral systems of zebrafish have been explored, such as courtship (Darrow and Harris, 2004) , aggression Larson et al., 2006; Paull et al., 2010) , shoaling (Echevarria et al., 2011; Gebauer et al., 2011; Green et al., 2012; Kurta and Palestis, 2010; Gerlai, 2007, 2008) , anxiety (Bencan et al., 2009; Stewart et al., 2012) and stress (Champagne et al., 2010; Piato et al., 2011) . Pharmacology, Biochemistry and Behavior 108 (2013) [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] A major challenge of quantitatively studying zebrafish behavior is that zebrafish moves in a three-dimensional space, can swim at high velocity and makes quick directional changes. Only very recently, high-speed 3D automatic tracking systems have been developed (Zhu and Weng, 2007; Cachat et al., 2011; Maaswinkel et al., 2012) . Another challenge is to track multiple fish simultaneously as is required for the study of shoaling. For this purpose, manually tagging of the zebrafish in video frames is often used. This usually results in applying low sampling frequencies, e.g. 0.1 fps (Miller and Gerlai, 2007) or even 0.008 fps (i.e. one frame per 2 min) (Kurta and Palestis, 2010) . However, recently studies have become available that apply higher sampling frequencies to track multiple fish (e.g. Green et al., 2012; Zhu and Weng, 2007) .
Earlier, we have published the technical details and validation of a 3D recording system (Maaswinkel et al., 2012; Zhu and Weng, 2007; Zhu et al., 2012) . It is characterized by absolute synchronicity of the viewing angles (by using a mirror system), correction of refraction (caused by the transition of light from water to air) via a calibration procedure, high sampling-frequency (currently around 40 fps), and software that reduces switching of tags. A look at sample frames (Fig. 1A, B) indicates that any 2D view is prone to obscure the spatial relationships between zebrafish and may result in reduced accuracy of some of the measurements. This problem is mitigated if the zebrafish swim more or less in the same plane and if this plane is perpendicular to the viewing angle. This might occur naturally or can be enforced experimentally by using a low water level (for horizontal planes, Kurta and Palestis, 2010) or a narrow tank (for vertical planes, Green et al., 2012) . Applying the calibration procedure, we could use a square tank (25 × 25 × 18 cm, l × w × h, filled to a height of 13.5 cm with water), which had the advantage to less restrict the movements of the zebrafish (Zhu and Weng, 2007; Zhu et al., 2012) .
In the present study, we apply the 3D recording system to investigate the effects of 3.5-hr habituation, black-vs.-white walls, acute buspirone and acute ethanol on anxiety-like behavioral responses in shoaling zebrafish. The fish were tested after 10 min habituation to the observation container, which should be ample time to reduce or eliminate novelty-induced anxiety that normally habituates within 5-10 min (Wong et al., 2010 ; this is also suggested by the time-lines in Maaswinkel et al., 2012) . Thus, should neophobia play a role in our experiments, it would concern a not earlier described slow-habituating component. Since two of the walls of the experimental container were white, which under certain circumstances can induce aversive behaviors that have some resemblance to anxiety-induced behaviors (Blaser and Rosemberg, 2012; Maximino et al., 2010; Stephenson et al., 2011) , we also tested the effects of black vs. white walls on anxiety-like behaviors.
Anxiety-like behavioral responses (e.g. Mathur and Guo, 2011) are responses that, under certain conditions, may be indicative for fear, anxiety or aversion (the exact distinction between these motivational or affective states is beyond this study). In the open field test several anxiety-like responses have been described (varying by study): thigmotaxis (i.e. time spent close to the walls of the container) and other measures for horizontal distribution (Champagne et al., 2010; Schnörr et al., 2012) , bottom-dwell time and other measures of vertical distribution (Bencan et al., 2009; Egan et al., 2009) , social cohesion (Speedie and Gerlai, 2008) , freezing (Blaser et al., 2010; Maaswinkel et al., 2012; Wong et al., 2010) , velocity or overall locomotion (Maaswinkel et al., 2012) , preference for transparent walls (possibly as part of an escape response, Champagne et al., 2010) and perhaps erratic movements (Wong et al., 2010) . The different responses can have different time-courses in the same test (Maaswinkel et al., 2012) . Furthermore, they might also be induced by stimuli unrelated to anxiety, e.g. breathing problems can decrease bottom-dwell time (Maaswinkel et al., 2012) , erratic movements are part of side effects of certain antipsychotics (Giacomini et al., 2006) and reduced social cohesion can be induced by the non-competitive NMDA antagonist MK-801 (Echevarria et al., 2008) , which is used to simulate social engagement deficits in animal models of schizophrenia (Rung et al., 2005) . Thus, the experimental conditions determine the interpretation of the anxiety-like behavioral responses. In zebrafish, the relationships between anxiogenic/aversive stimuli, distinct behavioral responses, time-course of the responses and environmental factors (e.g. availability of hiding place, escape route as possibly indicated by transparent walls) are poorly understood. Recently, several interesting studies have been published that begin to investigate these and similar fundamental questions that need to be addressed in order to validate behavioral procedures for the purpose of screening of anxiogenic and anxiolytic drugs and for genetic testing (e.g. Blaser and Rosemberg, 2012; Stewart et al., 2013; Wong et al., 2010) .
Finally, since some studies use very low sampling-frequencies (see above), we also wanted to know whether sampling frequency has an impact on the recorded parameters and on the statistical separation between experimental groups.
Materials and methods

Animals
Five-month old female zebrafish (Danio rerio) of an unspecified ('short-fin') wild-type strain, were purchased from Aquatica Tropicals, Inc (Plant City, Fl, US). In total 568 zebrafish were used. The zebrafish used in the six experiments were not derived from the same cohort. They were acclimated to the laboratory conditions for at least 4 weeks in 76-liter aquariums before starting the experiments. Water temperature was equal to room temperature (approx. 23°C). Light regimen: 14 h lights on (6:00-20:00), 10 h lights off. Zebrafish were fed three times a day: 8:00 Tetra tropical flakes; 12:00 live brine shrimp larvae; 15:00 Tetra tropical flakes. On the days of the experiments, the zebrafish were fed only at 8:00.
Apparatus
The apparatus and recording software have been described in detail (Zhu and Weng, 2007; Zhu et al., 2012) . Some minor changes were made (see also Maaswinkel et al., 2012) . In short, a transparent observation container (length, 25 cm; width, 25 cm; height, 18 cm; water level: 13.5 cm) was placed in a closed compartment (length, 91 cm; width, 46 cm; height, 56 cm) . At one side on the long axis, a camera (Bumblebee 2; Point Grey Research Inc, Vancouver, Canada) was placed. The observation container was placed close to the opposite wall. A mirror was suspended at an angle above the observation container, so that both the front view and the top view of the container could be recorded (Fig. 1A,B) . The side mirror used in the original study (Zhu and Weng, 2007) was removed because zebrafish responds to its mirror image. The light source consisted of nine 1.3-watt LEDs mounted above water level. The light intensity at water level was about 800 lx. In experiments 1 through 5, the bottom, the far end wall (opposite to the camera) and right wall (from the perspective of the camera) of the observation container were painted white as to increase the contrast of the fish against the background. The walls of the observation chambers were also white as to increase diffusion of light. In experiment 6, three of the walls of the container were either all black or all white and the walls of the compartment were dark green (for further description, see below). The camera was connected to a computer. The Recordings Module of the software captures the frames at an average rate of 40 frames per second (fps). This sampling frequency was, however, slightly different for each computer (twelve computers and observation chambers were employed). The Trajectory Module extracts the x,y,z-coordinates for every fish. The software corrects for refraction, i.e. breaking of the light in the transition from water to air. To achieve this, a calibration procedure is applied: a panel with 5 LEDs is lowered into the tank and the positions of the lights are recorded without and with water in the tank. For calibration, a side-mirror is attached. A filtering process is used to minimize noise (such as caused by jigging, i.e. allocating the tag to different locations on the recorded image of the fish) and unintentional swapping of tags between individual fish. The Data Processing Module was used for the calculation of the parameters of interest (see below). Further data processing was performed using a spreadsheet program (Excel® 2010) and statistical software (Systat® 13).
Procedures
In total six experiments were performed. The fish were tested in quadruplets (i.e. groups of four fish). The existing literature (e.g. Green et al., 2012) shows that shoaling studies can be performed with such small groups to assess the effects of drug treatments on social cohesion. For the purpose of pharmacological, toxicological and especially genetic testing it would be unpractical to use larger shoals (although this might be indicated for ecological and ethological studies). Only female zebrafish were used in order to avoid or minimize aggressive interactions. In females, aggressive behaviors @ emerge over the course of several days; whereas in males, they usually emerge very quickly and peak on day one (see Paull et al., 2010;  this was confirmed by our own observations, data not shown). In case of drug treatments (experiments 2 through 5), the zebrafish were pre-exposed to the drugs for 60 min. The duration of exposure was chosen based on an ethanol equilibrium and metabolism study in goldfish (Ryback et al., 1969) . Buspirone has a half-life of at least 2 h (in humans, Gammans et al., 1986) . In the zebrafish literature, a great variety of exposure times are applied, from a few minutes (e.g. Gebauer et al., 2011) to 60 min (e.g. Kurta and Palestis, 2010) . The impact of exposure times on the behavioral effects is beyond the scope of this study. Immediately after recording, the zebrafish were euthanized with 300 mg L tricaine methanesulfonate (MS-222).
2.3.1. Experiment 1: effects of 3.5-h habituation On the day of the experiment at 9:30, every quadruplet was separately confined in 1-L containers (to make the procedure comparable to the drug tests; see below). After 60 min, the quadruplets were transferred (using a net) to the observation containers. After 10 min habituation (at 10:40), the first recording was started and lasted 10 min. The zebrafish were left in the observation container. About 3.5 h later (14:00) a second 10-min recording was made. Between 11:00 and 13:00, the water was aerated by means of a vinyl tube connected to an air pump. On every experimental day, up to six quadruplets of zebrafish were tested simultaneously in separate recoding chambers (which were visually separated from other recording chambers and the experimentation room). Sixteen quadruplets were used, i.e. n = 16.
Experiment 2: effects of 3 mg L buspirone
On the day of the experiment at 9:30, every quadruplet was separately exposed to 0 or 3 mg L buspirone in 1-L containers for 60 min. Then the quadruplets were transferred (using a net) to the observation containers. After 10 min of habituation (at 10:40), the recording was started and lasted 10 min. Half of the quadruplets tested on any day were assigned to the control group and the other half to the buspirone group. The assignment of the groups to the six observation chambers was alternated on a daily basis as to avoid biasing the results by possible slight variations of environmental conditions between observation chambers. For the control group, n = 10; for the 3 mg L buspirone group, n = 10.
Experiment 3: effects of 5 mg L buspirone
The procedure was similar as in experiment 2. However, the zebrafish were exposed to 5 mg L instead of 3 mg L buspirone. For the control group, n = 15; for the 5 mg L buspirone group, n = 15.
Experiment 4: effects of 0.25% ethanol
The procedure was similar as in experiment 2. However, the zebrafish were exposed to 0.25% ethanol. Furthermore, the same concentration of ethanol was also present in the observation container. Another minor difference was that the water in the pre-exposure container was taken from the observation container. After 60 min, the quadruplets were transferred to the observation container including the water in the pre-exposure container (i.e. no net was used). For the control group, n = 12; for the 0.25% ethanol group, n = 12.
Experiment 5: effects of 0.5% ethanol
The procedure was similar as in experiment 4, except that the ethanol concentration was 0.5% instead of 0.25%. For the control group, n = 10; for the 0.5% ethanol group, n = 10.
Experiment 6: effects of black walls vs. white walls
In experiments 1 through 5, two of the walls of the observation containers were white. Moreover, the walls of the observation chamber were also white. This was originally done to increase the contrast. However, since white walls might induce white aversion (depending on the illumination, Stephenson et al., 2011) , we performed an experiment to compare the effects of black walls with those of white walls on anxiety-like responses. Three of the walls were either covered with white or with black paper. The fourth wall (closest to the camera) was transparent. Moreover, the walls (consisting of curtains) of the observation chamber were not covered with white paper. Their color was dark green. Since it turned out to be difficult to record the zebrafish from above on a black bottom, we chose wheat color for the bottom which might be comparable to the gravel used in a study comparing white vs. black vs. transparent walls (Blaser and Rosemberg, 2012) . The procedure was similar as described for the other experiments: confinement of the quadruplets in 1-L containers from 9:30-10:30; habituated to the observation tank and chamber for 10 min; 10 min recording. For white-wall condition, n = 16; for black-wall condition, n = 16.
Drugs
Ethanol was purchased from Pharmco Products Inc (Brookfield, CT, US). Buspirone HCl and MS-222 were purchased from Sigma-Aldrich (St. Louis, MO, US). Buspirone was dissolved in water as stock solution, which was prepared at the beginning of every experimental week and was kept in the refrigerator (at about 4°C).
Data analysis 2.5.1. Statistics
The following six independent (groups of) variables were calculated: (1) average social distance and shoaling index as parameters for social cohesion, (2) travel distance, (3) relative turning angle, (4) duration freezing, (5) vertical distribution (distance from bottom and distribution over ten equal depth levels), and (6) horizontal distribution (distance from center, distribution over concentric zones and distribution over quadrants). The values for every quadruplet were obtained by averaging the values for the four zebrafish. The critical value was adjusted to the number of independent variables: α = 0.05 / 6 = 0.0084. However, to make our results comparable to those of other studies that often use α = 0.05 even when testing multiple variables, we noted the occurrence of 0.05 > p > 0.0084 as 'tendency'. Shapiro-Wilk test was applied to test for normality (with α = 0.05). If the normality criterion was met, Student t-tests (paired t-tests in experiment 1 involving habituation, unpaired t-tests for all other experiments) were used. If the normality criterion was not met, Mann-Whitney U-tests were applied. It should be noted that although shoaling index (see definition below) is a discrete variable which can (in case of quadruplets) assume the values 1, 2, 3 or 4, it is calculated for every frame and then averaged over the 10-min observation periods (consisting of 24,000 frames on average). Thus for statistical purposes we treated it as a continuous variable. It should be noted, that since the two concentrations of buspirone (3 and 5 mg L) and the two concentrations of ethanol (0.25 and 0.5%) were tested in separate experiments and because the respective control groups were statistically different (in case of the ethanol experiments) they could not be pooled. Therefore statistical analysis and graphic representations of the concentrations were not combined.
Social parameters: social cohesion
Social cohesion can under certain circumstances be indicative for the degree of anxiety (Speedie and Gerlai, 2008) . Several measures for social cohesion are being used in literature: average social distance (also called 'mean inter-individual distance') , shoaling index (Chivers et al., 1995) , nearest neighbor distance (Buske and Gerlai, 2012) , and median shoal area (Kurta and Palestis, 2010) . Here, we calculate average social distance and shoaling index.
Average social distance is the average of all distances between the four individual fish. As alternative measure for social cohesion, shoaling index (SI) was calculated as follows: 1, when no fish is within one body length (we took an average body length of 32 mm) from any other fish; 2, when only two fish are within one body length from another fish; 3, when three fish are in a group which are chained by distances of less than one body length or there are two groups of two fish that are within one body length from each other; and 4, when all four fish are chained by distances of less than one body length. This definition is taken from Chivers et al. (1995) ; however, we added the chaining-specification: if, for example, fish a and b and fish b and c are less than one body length apart, then SI equals 3, even if the distance between a and c is greater than one body length. Indeed, when studying larger shoals, SI would be unduly restricted without the addition of 'chaining'. Note that although SI is a discrete variable, it might have the advantage to avoid overly influencing the value for social cohesion by fish that swim far apart from the group (especially in large containers).
Spatial parameters: vertical and horizontal distribution
The anxiety-like responses bottom-dwell time (Bencan et al., 2009) and thigmotaxis (or wall-hugging) (Champagne et al., 2010) are here more generalized as vertical and horizontal spatial parameters, respectively.
Distance from bottom is determined by the z-coordinate. As a second measure for vertical location, the distribution over ten equal depth levels is determined (with level 1 being the lowest level). Note that the depth distribution over the ten depth levels is not a function given by the average distance from bottom. For example, a fish could swim half of the time at 20 mm from bottom and half of the time at 100 mm from bottom. The average distance from bottom would then be 60 mm. However, if it swam the entire time at 60 mm from bottom, the average distance would also be 60 mm. The often-used measure of bottom-dwell time coincides approximately with the time spent at levels one through three.
Distance from center is determined in the horizontal (x,y) plane. As second measure for horizontal localization radial distribution was calculated: the x,y-plane was subdivided into 4 radial zones: the inner zone (a concentric circle with a radius of 1/6 of the length of tank), a middle zone (a concentric annulus with an inner radius of 1/6 and an outer radius of 1/3 of the length of the tank), an outer zone (a concentric annulus with an inner radius of 1/3 and an outer radius of 1/2 of the length of the tank), and a combined-corner zone (see inset in Fig. 5A ). Note that the four zones have each a different surface area and thus the expected time spent per zone based on homogenous distribution is different (presented as gray bars in Fig. 5A ). As a third measure for horizontal distribution, we calculated the time the zebrafish spent in the four quadrants, a compartmentalization often used in literature (e.g. Echevarria et al., 2011) . The quadrants are numbered in a counter-clockwise sequence. In experiments 1 through 5, quadrant 1 is confined by one transparent and one white wall, quadrant 2 is confined by two white walls, quadrant 3 is confined by one transparent and one white wall and quadrant 4 is confined by two transparent walls. Quadrants 4 and 1 are closest to the camera. In experiment 6 (black vs. white walls), only quadrants 4 and 1 are adjacent to a transparent wall at one side. Thus, the distribution over quadrants provides some insights into the preference for white, black or transparent walls.
Kinematic parameters
Kinematic variables reported here are travel distance (or average velocity, Maaswinkel et al., 2012) , duration freezing (Blaser et al., 2010) and relative turning angle.
Travel distance is the cumulative distance between the x,y, z-coordinates of the individual fish in successive frames. Horizontal (x and y) and vertical (z) components of travel distance were also calculated separately. Freezing is defined as swimming less than 2 mm per second for a period of at least one second, thus the term as defined here includes very slow movements, and is expressed by its duration (in % of the total recording time). Relative turning angle is the total absolute turning angle in degrees divided by the total travel distance. Relative turning angle was chosen to make this measure independent from travel distance. For example, if two fish have the same turning characteristics, the fish that has a greater overall travel distance (or average velocity) will also have a higher total turning angle, however, the relative turning angles of both fish will be the same. This parameter is not tagged as anxiety-like behavioral response.
The impact of sampling frequency
Reduction of sampling frequency was achieved by eliminating the appropriate number of frames. For travel distance in experiment 5 (0.5% ethanol), the sampling frequency was stepwise reduced from 40 to 20, 10, 5, 1 and 0.1 fps. Note that 40 fps is the average sampling frequency, which might vary slightly per computer. Accordingly, the sampling frequencies 20, 10 and 5 fps are also approximate values (in every subsequent reduction step, every second sample was removed). In contrast, for 1 and 0.1 fps the calculations were as exact. One reason to study the effect of the progressive reduction of the sampling frequency on travel distance was to determine whether our initial sampling frequency of 40 fps was high enough, which would be indicated by an asymptote for the values of travel distance around that frequency. Another reason was to determine whether the low frequencies, that are sometimes used in the literature (especially when applying manual tagging), impact the results, both in terms of absolute measurements and in terms of statistical separation between groups.
Results
Social parameters
The average social distances are presented in Fig. 2A . Only 0.5% ethanol increased the average social distance significantly (t[18] = −5.22; p b 0.0001). There was also a tendency to an increase of social distance after habituation (p = 0.012). For illustrative purposes, the timelines and the distributions of social distances are presented for 0.5% in Supplementary Fig. 1A ,B. The timelines of the individual quadruplets are presented in Supplementary Figs. 2 (controls) and 3 (0.5% ethanol) . One of the characteristics of most control quadruplets is that the zebrafish came together at certain intervals as can be seen by the oscillation of the social distances (another study found a similar pattern, albeit at a different scale, probably due to different tank and shoal sizes; see Miller and Gerlai, 2008) . This oscillation was less common for the zebrafish in the ethanol group.
Another measure for social distance is shoaling index (SI). Ethanol at the high concentration (0.5%) reduced SI from 2.52 to 1.49 (t[18] = 6.55; p b 0.000005). Habituation significantly decreased SI from 2.4 to 1.8 (t[15] = 3.538; p b 0.0084). The lower ethanol concentration (0.25%), the two buspirone concentrations and black walls did not affect SI significantly.
Spatial parameters
Representative trajectories are shown in Fig. 3 . For the two buspirone groups and the 0.5%-ethanol group, distance from bottom was increased, although in case of 0.5% ethanol, zebrafish still spent considerable time at lower depth levels. After habituation and in the presence of black walls, zebrafish seem to distribute somewhat more equally across the horizontal plan, although in most cases a strong preference for the corner between the two transparent walls (quadrant 4, which is indicated by the origins of the arrows) was obvious.
Distance from bottom ( The depth distributions over ten levels are presented in Fig. 4A -F. In both buspirone groups, there was a very strong bias for the higher depth levels. In contrast, the 0.5% ethanol group was to a lesser degree skewed to the higher levels. The lower (0.25%) ethanol concentration, 3.5-h habituation and black walls did not affect the depth distribution significantly.
Habituation reduced horizontal distance from center ( Fig. 2C ) from 110 to 99 mm (t[15] = 3.037; p b 0.0084) and black walls reduced it from 106 to 92 mm (t[30] = −3.815; p b 0.0084). Horizontal distance from center was not significantly affected by any of the drugs; however, there was a tendency for 3 mg L to reduce this parameter (p = 0.017).
Habituation and black walls affected radial distribution significantly. After 3.5-h habituation (Fig. 5A ) the fish spent less time in the corners (t[15] = 3.83; p b 0.0084). For center annulus, middle annulus and outer annulus no significant differences were found, although habituation tended to decrease the time spent in the middle annulus (p = 0.037). Black walls (Fig. 5B) Finally, as for the distribution over quadrants, it turned out that all the control groups (including the white-wall group in experiment 6) had the highest preference for quadrant 4 (which is bordered by two transparent walls) and the lowest preference for quadrant 2 (which is bordered by two white walls). Habituation (Fig. 5C) 
Kinematic parameters
Travel distance (Fig. 6A) was significantly reduced by 0.5% ethanol from over 40 m in controls to less than 21 m (t[18] = 3.33; p b 0.0084). This was true for both the y-component (i.e. in direction of the camera) and the z-component (i.e. the vertical axis). The x-component (i.e. the horizontal axis perpendicular to the direction of the camera) had a tendency (p = 0.03) to be reduced. The presence of black walls had a tendency to increase the travel distance in the y-direction (p = 0.034), without affecting the other components of travel distance. Habituation had a tendency to reduce overall travel distance (p = 0.017). The y-component was significantly reduced (p b 0.0084) and the z-component had a tendency to be reduced (p = 0.011). The x-component was not significantly affected. Finally, 0.25% ethanol had a tendency to increase the y-component of travel distance (p = 0.042). Buspirone did not affect any of the components.
Relative turning angle (in degrees per meter) was not affected significantly by any of the treatments. However, under the black wall condition it had a tendency to be lower (p = 0.024).
Finally, 0.5% ethanol increased duration freezing (Fig. 6B ) from on average 23% of the time for control fish to on average 54% of the time (U[18] = 12; p b 0.0084). Habituation also resulted in increased duration freezing from on average 28% to about 45% (t[15] = − 3.04; p b 0.0084). The other experimental conditions did not affect duration freezing. In the black-vs.-white walls experiment duration freezing was for both conditions very low (see Discussion section).
The effects of reducing sampling frequency
When lowering the sample frequency from originally 40 fps to 20, 10, 5, 1 or 0.1 fps, both the measured travel distances as well as the statistical differences between groups diminished (Fig. 7A) . For a better comparison between zebrafish treated with 0% and 0.5% ethanol, we normalized (Fig. 7B ) all travel distances to those measured at 40 fps. For zebrafish treated with 0.5% ethanol, an asymptote was reached at about 40 fps, meaning that this frequency was high enough to avoid distortion. For control zebrafish it seemed to be a little bit higher. If we accept a reduction to 90% of the asymptotic values as lower limits for accurate recording, the minimum sampling frequency for control zebrafish would be greater than 15 fps (we estimate 20 fps) and for zebrafish exposed to 0.5% ethanol 10 fps.
The reason why the measured travel distances become shorter with lower sampling frequencies and why this effect is dependent on the velocity of the fish (velocity: control zebrafish > ethanol zebrafish), is that in digital sampling, angular movements are approximated by straight lines (Fig. 7C) . Increasing the travel distance between subsequent sampling points (i.e. locations), results in increasing the error. Another way to look at it: when the sampling frequency decreases, the error increases. Relative turning angle also affects the measured travel distance (Fig. 7D) . Fig. 7E illustrates that lower travel distances (as measured at 40 fps) are less affected by lowering the sampling frequency (here we took 0.1 fps as example). Therefore, the travel distances for the zebrafish treated with 0.5% ethanol were less affected by lower frequencies than travel distances for control zebrafish. Consequently, the statistical differences between groups decreased with lower sampling frequencies (as shown in Fig. 7A) .
In case of a very high sampling frequency, theoretically the measured travel distances might be overestimated for slow or immobile fish, because the tag can be assigned to several locations on the recorded fish-body (generating jigging noise). This is one reason why during reconstruction of the trajectory (in the Trajectory Module), smoothing is performed. In this case, a low-pass filter removes the high-frequency components. However, if jigging noise was to contribute to our results, the obtained statistical difference between the control and ethanol groups would have been underestimated (i.e. false negative results) since jigging would affect the slow-swimming fish (relatively) more than the fast-swimming fish.
Discussion
We studied the effects of 3 and 5 mg L buspirone and 0.25 and 0.5% ethanol on anxiety-like responses in shoaling zebrafish that were already habituated to the observation container for 10 min. In order to understand whether those effects can be explained in terms of anxiety-reduction, we included one experiment investigating the effects of 3.5-h habituation to assess the contribution of protracted neophobic responses and one experiment comparing the impact of black walls vs. white walls to assess the contribution of white aversion to anxiety in control zebrafish.
Habituation
After 3.5-h habituation two anxiety-like behavioral responses were reduced: social cohesion was decreased (significantly in terms of SI and as tendency in terms of average social distance) and distance from center (which we take as measure for thigmotaxis) was lower. Furthermore, the preference for transparent walls (potentially indicative for escape behavior, Champagne et al., 2010) had a tendency to be reduced (as determined by the time spent in quadrant 4, which was flanked by two transparent walls). Together, these behavioral changes could imply that neophobia was decreased after 3.5-h habituation. However, this would seem to be at odds with a previous study with single zebrafish using a very similar procedure (Maaswinkel et al., 2012; compare also Wong et al., 2010) showing that 10-min habituation to an unfamiliar container was sufficient to eliminate neophobia. In fact, in the present study the zebrafish were already habituated for 10 min before the first recording session. Moreover, distance from bottom was not significantly altered after 3.5-h habituation. Distance from bottom is in many studies taken as a prime indicator for the anxiogenic or anxiolytic effects of drugs in the novel-tank paradigm (e.g. Bencan et al., 2009 ). Therefore our findings raise the question whether the observed changes in social cohesion and distance from center can be attributed to reduced anxiety in response to the unfamiliar environment. To uphold the anxiolytic hypothesis for prolonged habituation in regard to its effect on cohesion and thigmotaxis, we have to assume that these behavioral responses habituate much slower than the distance-from-bottom response (which takes only a few min). Note that according to Gebauer et al. (2011) social cohesion and distance from bottom are distinct types of anxiolytic responses which are differently affected by different drugs. Indeed, involvement of different neuronal mechanisms in the various anxiety-like responses could explain the diversity of their time-courses (see also Maaswinkel et al., 2012) .
However, we have to be aware that the slow changes observed in social cohesion and distance from center might be explained differently. For instance Wong et al. (2010) made the suggestion that changes seen during inter-session habituation (over a period of seven days in their study) might be the results of a learning process involving spatial mapping. This would presumably result in a change of exploration patterns which would most likely be expressed in altered use of space, thus could affect thigmotaxis. Although that hypothesis does not address social interaction patterns, we consider that an interaction between environment oriented and social oriented perception is possible. But more importantly, we do not know how shoaling behavior in zebrafish changes over time. Since aggression develops slowly between female zebrafish , one could hypothesize that a slow increase in antagonistic tendencies (which were not systematically studied in our experiment) could explain reduced social cohesion after 3.5 h. A complicating factor in this study is a possible time-of-day effect, since in our experiment the zebrafish were tested first at 10:40 and then at 14:00. More research is needed to disentangle the possible causal mechanisms involved in the reduction of social cohesion over time (such as reduced neophobia, spatial mapping, evolving aggression, increasing or decreasing social anxiety, time-of-day effects).
Finally, we also have to note that duration freezing was increased after habituation and that locomotion had a tendency to be decreased. Some studies (Blaser et al., 2010; Maaswinkel et al., 2012; Wong et al., 2010) show that those parameters can be affected by anxiety, which if this was true in the current case would in fact indicate that anxiety was increased by habituation, thus would not support the anxiolytic hypothesis of habituation. However, freezing and locomotion can very likely be affected by many other factors, such as the above proposed processes of spatial mapping or slowly building social tensions. Also, time-of-day is known to affect overall activity in zebrafish (Zhdanova, 2011) .
Black vs. white walls
Several studies have shown that white walls induce an avoidance response that seems not to habituate (Maximino et al., 2010) . The light/dark preference paradigm (Blaser and Penalosa, 2011; Stephenson et al., 2011 ) is based on this principle. To assess the impact of white walls, we compared the behaviors of zebrafish recorded in observation containers with three white walls or with three black walls (the fourth wall in both cases being transparent). We found that social cohesion and distance from bottom were not noticeably affected. In a re-run of the experiment with single zebrafish (data not shown) distance from bottom was also not affected.
The main effect of black walls vs. white walls in shoaling zebrafish was the increased preference for the center annulus and the middle annulus, resulting in reduced distance from center, i.e. reduced thigmotaxis. There was also a tendency for an increase of the y-component of locomotion, i.e. in direction of the transparent wall and the wall opposite to the camera. The zebrafish tested with three white walls moved more along the x-component (approx 25 vs. 17 m), mainly along the transparent wall. The zebrafish tested with three black walls moved about equally in either horizontal direction (approx 25 vs 24 m for xand y-components, respectively). However, these differences between groups did not attain statistical significance, thus further studies are necessary to decide whether this is a robust effect. An interesting observation is that even in the presence of black walls, zebrafish spent approx 82% of the time on the side of the tank with transparent wall (i.e. quadrants 1 and 4), which is comparable to the approx 91% of the zebrafish tested with three white walls spent at that side of the tank. One possibility is that transparent walls attract zebrafish and to a large extent 'override' the strong impact of wall color which is observed in the absence of a transparent wall (light/dark preference paradigm). Interestingly, decreased distance from center was also clearly affected by 3.5-h habituation (see Section 4.1). One interpretation would be that white aversion was reduced after habituation and that this would result in reduced thigmotaxis. However, this interpretation could cast further doubt on the hypothesis that 3.5-h habituation reduced social cohesion via an anxiolytic mechanism (alternative hypotheses are presented in Section 4.1) since wall color did not affect social cohesion at all in the present experiment. But again, we cannot exclude a different typology of anxiolytic responses (Gebauer et al., 2011) with different timecourses (Maaswinkel et al., 2012) . Finally, the reason for the nearly absence of freezing both in white-and in the black-wall conditions is not clear and might further indicate that freezing is not a robust parameter. We already excluded it for the purpose of this study in Section 4.1. The thick line represents the actual travel distance, the long thin line represents the recorded travel distance of a fast-moving fish during one sampling interval, and the short thin lines represent the recorded travel distances of a slow-moving fish during consecutive sampling intervals. The approximation of the real travel route by the short straight lines is more accurate than the approximation of it by the long straight line. Thus, the measurements for slow-moving fish are more accurate than those for fast-moving fish. An alternative way to look at the graph is to assume that the same fish is recorded at a high sampling frequency (short straight lines) or a low sampling frequency (long straight line). In this case, high-frequency recording elicits more accurate results than slow-frequency recording. 
Buspirone
Buspirone (Table 1) in either concentration (3 or 5 mg L) strongly increased distance from bottom, which was approximately doubled when compared to control zebrafish. The preference for the upper depth levels was increased and the bottom-dwell time (i.e. time spent at the three lower depth levels) was strongly reduced. These findings are formally consistent with those reported in previous studies with single zebrafish (e.g. Bencan et al., 2009; Maaswinkel et al., 2012) and with shoals of zebrafish (Gebauer et al., 2011) . Both drug effects are commonly interpreted as indications for reduced anxiety in a novel environment. However, as already discussed in Maaswinkel et al. (2012) , the crucial problem with this interpretation in the context of the here applied procedure is that short-term habituation (e.g. Wong et al., 2010) already increases distance from bottom in control zebrafish to the level that persists even after 3.5 h and that under no normal circumstance do our zebrafish swim consistently at the top levels of the water column, no matter how well habituated they are. Based on our experiments (including the 3.5-h habituation and the black-vs.-white walls experiments) with control zebrafish and on our informal observations of the zebrafish in their home tanks, we assume that consistent top-swimming represents abnormal behavior for our zebrafish and cannot be understood as anxiolytic effect of a drug (for further discussion, see Maaswinkel et al., 2012) . Based on the remarks of one reviewer, we acknowledge that other zebrafish strains or in other experimental environments, consistent top-swimming might be the normal behavior. This interesting observation further supports the need to determine the context frame that allows assessing the significance of behavioral changes elicited by any experimental treatment (Maaswinkel et al., 2012) .
The long, 60-min drug exposure-time might possibly be responsible for the unphysiological effects of buspirone as observed in both studies. In the earlier study we found that 3.5 h after buspirone exposure, clear aberrant behavior became apparent. Comparing our results with those of other studies is difficult: for instance, Gebauer et al. (2011) used a subjective scoring system and Bencan et al. (2009) only report bottom dwell-time. However, interestingly in rats buspirone has been found to affect spatial orientation (McNaughton and Morris, 1992) , which would be in line with our hypothesis that the here described effect may be not exclusively anxiolytic.
Social cohesion and locomotion were not affected by buspirone, which is consistent with Gebauer et al. (2011) , nor was duration freezing. Interestingly, for 3 mg L buspirone there was a tendency to decrease distance from center and 5 mg L buspirone decreased the preference for the transparent walls (as measured by the time spent in quadrant 4). These latter two effects have to our knowledge not been described in other studies. Distance from center was also decreased after 3.5-h habituation and in the black-wall condition (see Sections 4.1 and 4.2). After 3.5-h habituation there was a tendency to a decreased preference for transparent walls (see Table 1 ). The significance of these findings is unclear. Both thigmotaxis and transparent-wall preference will have to be tested more thoroughly using targeted experimental setups.
According to some studies in both humans and rodents, acutely administered buspirone has at best minimal anxiolytic effects (e.g. Schefke et al., 1989) or can even have apparently opposite effects (Avgustinovich et al., 2010) . However, anxiolytic effects of acute buspirone in zebrafish have been described in regard to the immediate neophobic response that occurs within the first few minutes after the fish is being placed into the unfamiliar observation container (e.g. Gebauer et al., 2011) .
Ethanol
Ethanol (Table 1) at the low concentration (0.25%) did not affect any of the parameters significantly. On the other hand, 0.5% ethanol reduced social cohesion (as indicated by increased social distance and decreased SI), increased distance from bottom, decreased travel distance, and increased duration of freezing. None of the horizontal distribution parameters (distance from center, distribution over radial zones or quadrants) were in any way affected.
In regard to distance from bottom as indication for anxiety, we refer to the our comments made about similar effects of buspirone (see Section 4.3), namely that we could not simulate this behavior by non-drug treatments (3.5-h habituation and black walls) after 10 min habituation and that like in case of buspirone, the response observed goes far beyond the amount of changes in vertical activity seen in our control zebrafish under any condition, albeit not to the extreme degree as seen for the 5 mg L-buspirone group. As for reduced social cohesion, the discussion provided about a similar behavioral response after 3.5-h habituation (in Section 4.1) also applies here. Increased social cohesion in control zebrafish might be a very slowhabituating response to novelty, which is perhaps directly inhibited by ethanol. That social cohesion changes in both instances would certainly support the anxiolytic hypothesis. Alternatively, ethanol might bring about changes in the cognitive, spatial or social behaviors which are not necessarily related to anxiety. Based on the human and rodent literature (e.g. Chin et al., 2011; Ratajczak et al., 2012; Scholey et al., 2012; Varlinskaya and Spear, 2002) , these or similar hypotheses seem to be plausible, but systematic research concerning these issues in zebrafish is lacking. Ethanol has been described to reduce social anxiety (Sripada et al., 2011) . It is unclear how this would translate to reduced social cohesion. Altered spatial processing or disorientation could possibly also be at the root of altered vertical distribution. As for the effects of ethanol on locomotion and duration freezing, no clear conclusions can be drawn and like in case of habituation, they would indicate an increase of anxiety (see end of Section 4.1 for a discussion of this issue).
Since the effects of ethanol on zebrafish behavior have been studied in many other publications, some inconsistencies have to be addressed. For instance, according to Gebauer et al. (2011) , locomotion was not affected by 0.5% ethanol, according to Kurta and Palestis (2010) , social cohesions decreased for 1% but not for 0.5% ethanol, and according to Mathur and Guo (2011) ethanol increased distance from bottom in (single) zebrafish. Many of those differences might be the result of different experimental procedures, such as duration of drug-exposure, size and shape of observation tank, size of the shoal, light intensity and spectral composition etc. Also, it is well established that both strain ) and housing conditions (Parker et al., 2012) can affect sensitivity to ethanol. 
Conclusion
In this study, reduced social cohesion and thigmotaxis were the two most believable candidates for genuine anxiolytic responses. Social cohesion was decreased by both 3.5-h habituation and by 0.5% ethanol. If reduction of anxiety was indeed the cause for this, then we would have to assume that (in the 3.5-h habituation experiment) social cohesion adapts slower to novel environments than do measures of vertical activity (which habituate within 5-10 min) and that (in the ethanol experiment) it is not associated to the thigmotaxis response. Other possible causes for reduced social cohesions in those cases were also discussed.
Thigmotaxis was reduced both by 3.5-h habituation and by black walls and is therefore another candidate of a genuine anxiolytic response. However, ethanol did not have any effect on thigmotaxis and 3 mg L buspirone had only a tendency to reduce it, whereas 5 mg L did not affect it. Both thigmotaxis and preference for transparent walls, which seem to be partly connected, have to be studied in more detail.
Distance-from-bottom and bottom-dwell time are in our view not indications for anxiolytic properties of treatments after 10 min initial habituation which took place before the recordings were started. This view is widely supported by the literature, and by the facts that in our experiments neither 3.5-h habituation nor black walls affected any parameter of vertical activity. Also, the top-level swimming seen in the 0.5% ethanol, the 3 mg L buspirone and especially strongly in the 5 mg L buspirone group is a response that could not be explained by mere reduction of anxiety.
An important conclusion from this study is that in case of using zebrafish as model animal for drug evaluation (for which purpose it offers some practical advantages over rodents), much more fundamental research is needed into the dynamics of basic behavioral systems in zebrafish. Two principles need special attention. First, the fallacy of the converse has to be avoided. Behavioral changes (e.g. decreased cohesion) that may result from one condition (e.g. anxiety) may possibly also be elicited by a totally different condition (e.g. social disinterest). This is especially true in the open field paradigm where the experimental constraints are minimal. Second, the 'normal' behavior (e.g. vertical activity in a familiar environment) of the zebrafish used has to be taken as framework for behavioral changes elicited by experimental treatments.
Supplementary data to this article can be found online at http:// dx.doi.org/10.1016/j.pbb.2013.04.009.
